We recently developed a model for flavivirus infection in mice and hamsters using the Modoc virus (MODV), a flavivirus with no known vector (P. Leyssen, A. Van Lommel, C. Drosten, H. Schmitz, E. De Clercq, and J. Neyts, 2001, Virology 279, 27-37). We now present the coding and noncoding sequence of MODV. The Modoc virus genome was determined to be 10,600 nucleotides in length with a single open reading frame extending from nucleotides 110 to 10,234, encoding 3374 amino acids. The deduced gene order of the single open reading frame is C-prM-E-NS1-NS2A-NS2B-NS3-NS4A-NS4B-NS5, which is exactly the same as that of the mosquito-and tick-borne flaviviruses. It is flanked by a 5Ј-and 3Ј-untranslated region (UTR) of 109 and 366 nucleotides, respectively. Alignment of the MODV amino acid sequence with that of 20 other flaviviruses revealed several regions with high sequence similarity corresponding to functionally important domains (e.g., the serine protease/helicase/NTPase of NS3 and the methyltransferase/RNA-dependent RNA polymerase of NS5) and conserved sites for proteolytic cleavage by viral and cellular proteases. Phylogenetic analysis of the entire coding region confirmed the classification of MODV within the flaviviruses with no known vector, which is in agreement with previous findings based on partial NS5 sequences. A detailed comparative analysis of the putative folding patterns of the 5Ј-and 3Ј-UTR of MODV and of the tick-and mosquito-borne viruses was carried out. Structural elements in the 5Ј-and 3Ј-UTR of MODV that are preserved among vector-borne flaviviruses were noted and so were structural elements distinguishing the MODV UTRs from mosquito-borne and tick-borne flaviviruses. Also the putative secondary structure of circularized MODV RNA is presented.
INTRODUCTION
The Modoc virus (MODV) is a flavivirus with no known vector (NKV). The virus was first isolated from a whitefooted deer mouse (Peromyscus maniculatus) captured in California (Modoc County) in 1958 (Johnson, 1967) , and later also in Oregon, Montana, Colorado, and Alberta (Zarnke and Yuill, 1985) . No arthropod vector has been identified for this virus (Johnson, 1967) , which is also the case for antigenetically and genetically related viruses such as the Jutiapa virus, the Cowbone Ridge virus, the Sal Vieja virus, and the San Perlita virus, all isolated from New World rodents (Kuno et al., 1998) . Neutralization tests using blood samples isolated from mammals caught in Alberta and blood samples from humans living in these areas indicate the existence of natural infection without disease (Zarnke and Yuill, 1985) . Based on crossserological reactivity, the virus has been classified as a separate serological group within the genus Flavivirus (Casals, 1960; Calisher, 1988; Calisher et al., 1989; Varelas-Wesley and Calisher, 1982) and is now assigned to the Modoc virus group of the NKV flaviviruses, together with the New World viruses cited above and the Japanese Apoi virus (van Regenmortel et al., 2000) .
The interest in NKV flaviviruses has recently increased with (1) new data concerning their evolution and taxonomic assignment (Billoir et al., 2000; Kuno et al., 1998) ; and also (2) the demonstration that they could constitute interesting models for the study of strategies for the treatment of infections with flaviviruses, including flavivirus infection of the central nervous system. In particular, we recently established a model for flavivirus infection in SCID mice and hamsters using MODV (Leyssen et al., 2001) . The Modoc virus causes lethal encephalitis in SCID mice and hamsters when inoculated via the intracerebral, intranasal, or intraperitoneal route. Histopathological signs are very similar to those described for all other flavivirus encephalitides. MODV-infected SCID mice show delayed morbidity and decreased mortality when treated prophylactically with poly(I/C), an inducer of interferon-␣/␤. This protection correlates with an important decrease of viral load. Infected hamsters shed high amounts of the virus in the urine, which allows us to monitor the efficacy of strategies for the treatment of flavivirus infections simply by quantifying the viral load in the urine (Leyssen et al., 2001) .
We here present the complete coding and noncoding sequence of the Modoc virus genome. This represents the first complete sequence determination of a flavivirus with no known vector and a crucial step for the study of MODV as an experimental model for flavivirus infection. The putative cleavage sites for proteolytic processing of the viral polyprotein and the conserved functional domains previously identified in the nonstructural genes of other flaviviruses were also identified in the MODV genome. Furthermore, a phylogenetic and taxonomic analysis of the complete coding sequence was performed. The putative secondary structure of the MODV 5Ј-and 3Ј-untranslated region (UTR) was analyzed and compared to the 5Ј-and 3Ј-UTRs of mosquito-and tick-borne flaviviruses. Structural elements in the 5Ј-and 3Ј-UTR of the Modoc virus that are preserved among vector-borne flaviviruses were noted and so were structural elements distinguishing the MODV UTRs from mosquito-and tickborne flaviviruses. Also, the possible involvement of the MODV UTRs in cyclization of the genomic RNA was investigated by computer-generated secondary structure analysis.
RESULTS

Organization of the genome
The complete sequence of the MODV genome is 10,600 nt in length with a single open reading frame (ORF) extending from nt 110 to 10,234, encoding a 3374 aa polyprotein. The analysis of the putative cleavage sites of this polyprotein and that of aa patterns conserved among flaviviruses (see sections below) showed that the gene order is identical to that observed in other flaviviruses sequenced to date (C-prM-E-NS1-NS2A-NS2B-NS3-NS4A-NS4B-NS5). The size of each gene product is listed in Table 1 . The 5Ј-and 3Ј-UTR sequences, which are, respectively, 109 and 366 nt in length, contain two pairing bases (AG at the 5Ј end and CU at the 3Ј end) which are conserved in all known flavivirus sequences for which the 3Ј-and 5Ј-terminal sequences are available. Pairing of these nucleotides could be involved in the formation of replicative intermediates or replicative forms during the virus replication cycle (Hahn et al., 1987; Mandl et al., 1993) .
Localization of the cleavage sites
Based on (1) the aa sequences of other flaviviruses, (2) data derived from N-terminal amino acid sequencing of purified viral proteins, and (3) high similarity of the proposed polyprotein cleavage sites, consensus features for proteolytic processing by the viral and host cell proteases have previously been reported (reviewed by Chambers et al., 1990 and von Heijne, 1984) . Cleavage by the viral protease generally occurs after two basic residues and before an aa with short side chain; whereas processing by the host cell proteases occurs at sites obeying the (Ϫ3, Ϫ1) rule (see Discussion). To determine the proteolytic cleavage sites, the consensus sequences for proteolytic processing by the respective proteases were located within the deduced amino acid sequence of the polyprotein and compared with those previously reported for other flaviviruses (Billoir et al., 2000) and are listed in Table 1 . All proteolytic cleavage sites of the polyprotein are compatible with the consensus sequences except for (1) the NS2A/NS2B site, to be cleaved by the viral protease, which contains a hydrophobic isoleucine residue (Ile-Arg 2 Gly); and (2) the NS4A/2K site, which is also cleaved by the viral protease and which contains a downstream threonine, an aa with a larger side chain (Gln-Arg 2 Thr).
Identification of conserved motifs
To assess the relevance of MODV as a model for human flaviviruses, we investigated whether conserved motifs in flaviviruses that cause disease in man are also conserved in MODV. The aa sequences of 21 different viruses belonging to all major clades of the flaviviruses were aligned using ClustalW (data not shown) (Thompson et al., 1994) . In the MODV polyprotein, four serine protease motifs can be identified in the N-terminal region of the NS3 protein [aa 1505-1524 (I), 1535-1545 (II), 1589-1605 (III), 1606-1624 (IV)]. The aa sequences GxSG and GLxxxG, which are characteristic for all flavivirus serine proteases, are located in motif III and IV, respectively, whereas the serine protease catalytic triad is present in motifs I (H), II (D), and III (S) (Bazan and Fletterick, 1989; Li et al., 1999; Valle and Falgout, 1998) . The MODV NTPase/helicase/RNA triphosphatase domain, encoded by the C-terminal region of the NS3 protein, consists of seven conserved motifs [aa 1654-1669 (I or A site), 1681-1695 (IA), 1743-1750 (II or B site), 1775-1782 (III), 1822-1827 (IV), 1867 -1886 (V), and 1910 -1923 ], of which motif I and II, respectively, contain the highly conserved GxGKT and Asp residues involved in NTP-binding and hydrolysis as has been suggested for other flaviviruses (reviewed by Kadare and Haenni, 1997) . In the N-terminal domain of MODV NS5, two methyltransferase motifs are located [aa 2554-2564 (I) containing the SAM-binding motif DxGxGxG and aa 2617-2627 (II) containing an invariant Asp residue] (reviewed by Bisaillon and Lemay, 1997 ; see also Koonin, 1993) . This methyltransferase domain is separated from the C-terminal RNA-dependent RNA polymerase by two nuclear localization sites [aa 2847-2886] containing a 2874 Thr that is potentially involved in nuclear signaling, regulated by CK2 phosphorylation (a serine/threonine protein kinase), as has been shown for Dengue fever virus (DENV) (Forwood et al., 1999) . Four highly conserved RNA-dependent RNA polymerase domains are located in the C-terminal part of NS5 [aa 3009-3018 (A), 3081-3093 (B), 3135-3141 (C), and 3155-3164 (D)]. These motifs are characterized by the conserved DxxxxxD residues present in motif A, the GxxxTxxxNT residues in motif B, and the three amino acid sequence GDD, a hallmark of viral RNA polymerases, in motif C (Bruenn, 1991 ; reviewed by O'Reilly and Kao, 1998; see also Poch et al., 1989) .
Phylogenetic analysis
To confirm the classification of MODV, which was heretofore based on serological classification and on a 1-kb fragment in NS5 (Kuno et al., 1998) , we performed a phylogenetic analysis of the entire MODV genome. To investigate substitution saturation within our data set, the number of transitions and transversions were plotted against the Kimura two-parameter (K2P) distance. When no saturation is present, transitions and transversions will linearly increase with the genetic distance, with the former usually faster than the latter. However, when divergent sequences are compared, saturation can occur due to multiple substitutions, and the linear correlation will be lost. Eventually, transversions can cross the transitions as is expected under a stochastic substitution process. Our nucleotide data set is clearly saturated (figure not shown) and the analysis was therefore restricted to aa sequences. The aa alignment of the complete open reading frame of 20 flaviviruses [without cell fusing agent virus (CFAV) because the similarity with other flaviviruses was below 30%] was used to calculate a distance matrix using the neighbor-joining method with the Blosum62 model of substitution and taking into account a rate heterogeneity among sites with a discrete gamma distribution of eight categories (the ␣-value of the gamma distribution was calculated to be 0.97). The unrooted phylogenetic tree generated is depicted in Fig.  1 . The robustness of the phylogram topology was tested using 1000 bootstrap replications. All bootstrap values reached approximately 100%. Basically, three clusters of viruses can be identified: the mosquito-borne, the tickborne, and the no-known-vector cluster, as has been reported by others (Billoir et al., 2000; Kuno et al., 1998) .
Taxonomic analysis
We next analyzed the pairwise distance (p-distance) matrices and the aa p-distance/frequency histogram ( Fig. 2) to evaluate whether cutoff values could be defined, which would permit a logical grouping of viruses according to their biological properties (antigenicity, pathogenicity, vector, etc.) . Using genetic distances between aa, a cutoff value between 0.372 and 0.421 permitted us to assign all tick-borne and mosquito-borne viruses to genetic groups that perfectly fit with the previously defined antigenic groups (Calisher, 1988; Calisher et al., 1989) , the type of pathology induced, and the main recognized vector. Within the NKV cluster, these cutoff values allow the definition of three groups: the first one includes viruses isolated from bats (RBV); the second includes MODV, isolated from a New World rodent; and the third encompasses APOIV, isolated from an Old World rodent. This grouping of NKV viruses is coherent with the phylogenetic topology obtained by Kuno and collaborators (Kuno et al., 1998) , which was based on a partial NS5 sequence. There is no information available on the particular characteristics of the 5Ј-and 3Ј-UTRs of flaviviruses with no known vector. We therefore analyzed the secondary structure of the MODV 5Ј-and 3Ј-UTR. Analysis of the first 500 5Ј-terminal nt of the MODV genome (5Ј-UTR, AUG, and 338 nt of the C and PrM gene) by MFOLD yielded 12 folding patterns. Two stem-loop structures (designated SL I and II) were identified ( Fig. 3; MODV) . SL I was present in 6 of 12 folding patterns. SL II was present in 10 of 12 folding patterns and appears to be part of a much larger UTR-ORF overlapping secondary structure (SL II-5Ј-ORF), which was detected in 4 of 12 folding patterns ( Fig. 3 ; MODV Row 1). To further validate the results obtained by MFOLD, the sequence of the respective stem-loops was analyzed by the RNAfold Web Interface. In all three cases, the thermodynamical stability of the stem-loop structures, as generated by MFOLD, was confirmed by RNAfold ( Fig. 3 ; MODV Row 2).
An analysis of the primary sequence of the MODV 5Ј-UTR revealed several characteristics other than the inverted repeats that are assumed to be involved in the formation of secondary structures (Fig. 4) . Two imperfect direct repeats (IDR MODV and IDR 2 ) are located within the stem-loop structures, of which IDR MODV is in both cases part of the SL I and SL II top loop (Figs. 4 and 3; MODV) .
Comparative analysis of the 5Ј-untranslated region of MODV, TBEV, and DENV-4
Comparison of the MODV 5Ј-UTR with that of two viruses representative of the tick-borne and mosquitoborne virus complex shows both structural similarities and differences. Structurally, the folding pattern of the MODV 5Ј-UTR resembles most closely that of Dengue virus type 4 (DENV-4) ( Fig. 3 ; MODV and DENV-4). For both MODV and DENV-4, SL I is a branched stem-loop structure of similar size ( Fig. 3 ; MODV SL I and DENV SL I), and SL II contains the AUG translation initiation codon at a very similar position ( Fig. 3 ; MODV SL II and DENV SL II). In the case of tick-borne encephalitis virus strain Hypr (TBEV-H), three instead of two stem-loop structures are generated, of which SL I is much larger than that of MODV and DENV-4, and of which SL III, instead of SL II, contains the AUG translation initiation codon ( Fig. 3 ; TBEV SL I). Similar structures as shown for TBEV-H were also generated for Louping ill virus (LIV), Powassan virus (POWV), and other TBEV isolates (Gritsun et al., 1997;  data not shown). Only one mosquito-borne flavivirus, i.e., the Yellow fever virus (YFV), yielded three stem-loops instead of two (Brinton and Dispoto, 1988 ; data not shown).
As in the MODV 5Ј-UTR, an imperfect direct repeat was also detected in the 5Ј-UTR of TBEV-H ( Fig. 3 ; MODV IDR MODV and TBEV IDR TBEV ). Although there is no sequence similarity between the imperfect direct repeats of MODV and TBEV-H, both are located in the top loop of SL I and SL II of the 5Ј-UTR. We could also identify the IDR TBEV at similar positions within the 5Ј-UTR of LIV, POWV, and other strains of TBEV (data not shown). Such an imperfect direct repeat could not be identified in the 5Ј-UTR of DENV-4 and other mosquito-borne flaviviruses (data not shown).
Analysis of the secondary structure of the 3Ј-untranslated region
For the 3Ј-UTR, the MFOLD software produced 15 different folding patterns when the complete 3Ј-UTR was used, and 10 different folding patterns were calculated when the 500 3Ј-terminal nt were used. Five stem-loop structures (designated SL I-V) covering almost the entire MODV 3Ј-UTR could be defined ( Fig. 5 ; MODV). The prevalence of each of the stem-loop structures as a
FIG. 2.
Amino acid p-distance/frequency histogram. The x-axis represents the genetic distance and the y-axis represents the frequency of a given range of distances. A cutoff value between 0.372 and 0.421 permits us to assign all tick-borne and mosquito-borne viruses to genetic groups that perfectly fit with the previously defined antigenic groups, the type of pathology induced, and the main recognized vector. Based on these cutoff values, three groups could be defined within the NKV cluster: (i) viruses isolated from bats (RBV); (ii) viruses isolated from New World rodents (MODV); and (iii) viruses isolated from Old World rodents (APOIV).
virus isolates that has previously been reported for the mosquito-borne and the tick-borne clusters: (I) the tick-borne encephalitis virus group; (II) the Dengue fever virus group; (III) the Japanese encephalitis virus group; and (IV) the Yellow fever virus group. In the NKV cluster, three putative groups are marked by dotted lines: (i) the Apoi virus group, represented by APOIV, isolated from Old World rodents; (ii) the Modoc virus group, represented by MODV, isolated from New World rodents; and (iii) the Rio Bravo virus group, represented by RBV, which are bat-associated viruses.
whole (C ϭ complete) or partial (P) within the 15 folding patterns for the terminally 366 nt was determined ( Fig. 5 ; MODV Row 1). For example SL I, the complete stem-loop structure (C 1 ), was identified in 12 of 15 3Ј-UTR folding patterns, whereas the partial stem-loop structure (P 1 ) was obtained in 14 of 15 secondary structure predictions. SL II showed more diversity, although C 2 was obtained in 5 of 15 and P 2 in 12 of 15 folding patterns. For SL III, two possible stem-loop structures were identified. The prevalence of SL III A and SL III B was 4 of 15 and 3 of 15, respectively. However, the partial stem-loop structure, P 3 in SL III A, was present in 10 of 15 folding patterns. The lower prevalence of the large C 2 and C 3 stem-loop structures can be explained by the formation of combined folding patterns through interaction of the nt sequences of both secondary structures. SL IV was predicted in 4 of 15 secondary structures, and for SL V, C 5 was identified in 10 of 15 folding patterns, whereas the prevalence of P 5 was 12 of 15. The 10 folding patterns that were produced when using the 500 3Ј nt yielded the same stem-loop structures in more or less similar proportions as calculated when using the 3Ј terminally 366 nt ( Fig. 5 ; MODV Row 2). For SL I, II, IV, and V, the stem-loop structures obtained from the RNAfold Web Interface were identical to those generated by MFOLD ( Fig. 5 ; MODV Row 3). For SL III, the nucleotide sequences, as delineated by the nt positions given in Fig. 5 (MODV), yielded in both cases the structure marked as SL III B. Only P 3 gave rise to the stem-loop structure as calculated in SL III A ( Fig. 5 ; MODV Row 3). This indicates that SL III B is thermodynamically more stable, although SL III A, in particular the smaller stem-loop structure P 3 , has a higher prevalence when the influence of neighboring sequences of the 3Ј-UTR are taken into account.
Analysis of the primary sequence of the MODV 3Ј-UTR revealed several characteristics other than the inverted repeats that are assumed to be involved in the formation of secondary structures (Fig. 6) . A perfect direct repeat (DR) is located in stem-loop I (SL I) and also in the nt sequence in the region between SL I and SL II. In SL II, a conserved sequence (CS2) is detected, which is almost identical to the RCS2 sequence of mosquito-borne flaviviruses and which is located at the same position of the respective stem-loop structure (see infra). In SL III and SL IV-V, an imperfect direct repeat of 23 nt is identified. The pentanucleotide CUCAG of MODV (located in the top loop of SL V) is, except for an A-to-U substitution, similar to the highly conserved CACAG motif of mosquito-borne and tick-borne flaviviruses (see infra). Interestingly, the second upper loop of the 3Ј-SL, of which the conformation is highly conserved in all flaviviruses, contains in the case of MODV a palindromic sequence.
Comparative analysis of the 3Ј-untranslated region of MODV, TBEV, and DENV-4
A similar analysis of the folding of the 3Ј-UTR as described above for MODV was performed for the 3Ј-UTR of a tick-borne (TBEV Isolate RK1424) and a mosquito-borne flavivirus (DENV-4). These virus isolates were selected for this comparative analysis because their 3Ј-UTRs are of almost the same length as that of MODV [366 nt (MODV), 348 nt (TBEV), and 383 nt (DENV-4)], and they represent the shortest of all the 3Ј-UTRs of FIG. 4 . Primary structure of the MODV 5Ј-UTR. SL I, SL II, and SL II-5ЈORF indicate the sequences composing the different stem-loop structures as shown in Fig. 3A . Two imperfect direct repeats are indicated (IDR MODV and DR 2 ) and so is the AUG translation initiation codon.
FIG. 3.
Secondary structure of the MODV, TBEV-H, and DENV-4 5Ј-UTR. Graphical representation of the stem-loops of the MODV (A), TBEV-H (B), and DENV-4 (C) 5Ј-UTR. The position of the folding patterns within the genome is given and the AUG translation initiation codon is boxed. The prevalence of the specific stem-loop structures in the possible folding patterns for the first 500 nt of the genome as generated by MFOLD is shown (Row 1). To validate the thermodynamic stability of the structures obtained by MFOLD for the MODV 5Ј-UTR, the sequences of the respective stem-loop structures were analyzed by RNAfold. The prevalence thus obtained is listed in Row 2 for MODV. SL ϭ stem-loop; SL II-5ЈORF ϭ UTR-ORF-overlapping secondary structure; AUG ϭ translation initiation codon; IDR MODV ϭ Modoc virus imperfect direct repeat; IDR TBEV ϭ tick-borne encephalitis virus imperfect direct repeat. Numbers on the lines connecting two stem-loop structures indicate the number of nt in between stem-loops. the tick-borne or the mosquito-borne flaviviruses. It may be assumed that a comparative analysis of the shortest possible 3Ј-UTRs of the mosquito-borne, tick-borne, and NKV complex viruses would reveal minimal required secondary structures. Folding of the 3Ј-UTR of TBEV RK1424 and DENV-4 yielded six stem-loop structures in contrast to the five that were generated for MODV (Fig. 5) . For all three viruses, the 3Ј stem-loop has a high statistical support ( Fig. 5 ; MODV SL V, TBEV SL VI, and DENV SL VI). As mentioned above, the pentanucleotide CUCAG of MODV is located at a similar position in the upper loop of this secondary structure as the corresponding highly conserved CACAG sequence of the tick-borne and the mosquito-borne flaviviruses. A small stem-loop is identified immediately upstream of the 3Ј stem-loop in the 3Ј-UTR of MODV and TBEV RK1424 ( Fig. 5 ; MODV SL IV and TBEV SL V). For DENV-4, this position is occupied by two smaller stem-loop structures consisting of a unique conserved sequence (CS1) that is characteristic for all mosquito-borne flaviviruses, except for YFV ( Fig. 5 ; DENV SL V) (Proutski et al., 1997a) . The next more upstream stem-loop has a conserved branched conformation despite differences in sequence between the three virus isolates ( Fig. 5 ; MODV SL III, TBEV SL IV, and DENV SL IV). For the DENV isolates, and for mosquito-borne Flaviviruses in general, a conserved sequence (CS2) is located in SL IV. Neither TBEV RK1424 nor MODV contains a conserved sequence at this position. Several structural and sequence similarities are noted, however, between the MODV SL III and the TBEV RK1424 SL IV. Important to note is that both MODV and TBEV RK1424 carry (1) a hexanucleotide AUUGGC in the large loop and (2) a trinucleotide UUU in the small side loop of this structure ( Fig. 5 ; MODV SL III and TBEV SL IV).
In the case of TBEV RK1424 and DENV-4, SL II and SL IV are separated by a small stem-loop that is not detected in the MODV 3Ј-UTR ( Fig. 5 ; TBEV SL III and DENV SL III). The folding pattern of MODV SL II shows a high conformational similarity with the DENV-4 SL II and contains the highly conserved sequence CS2. In DENV-4 and the mosquito-borne flaviviruses in general, this sequence is called RCS2 and is an imperfect repeat of the CS2 located in SL IV ( Fig. 5 ; MODV SL II and DENV SL II). The corresponding SL II structure of the tick-borne viruses is smaller and does not contain a conserved sequence ( Fig. 5 ; TBEV SL II). Conversely, the SL I of MODV shows a high structural similarity with the structure gen-FIG. 5. Secondary structure of the MODV, TBEV RK1424, and DENV-4 3Ј-UTR. Graphical representation of the stem-loop structures of the MODV (A), TBEV RK1424 (B), and DENV-4 (C) 3Ј-UTR, and location within the genome. The prevalence of the specific secondary structures (designated C x and P x ) in the folding patterns, as calculated by the MFOLD software for the complete 3Ј-UTR nt sequence (Row 1) and the folding patterns obtained for the 500 3Ј-terminal nt (Row 2), is given. To validate the thermodynamic stability of the structures obtained by MFOLD for the MODV 3Ј-UTR, the sequences of the respective C and P stem-loop structures of MODV were analyzed by RNAfold. The prevalence thus obtained is listed in Row 3 for MODV. SL ϭ stem-loop; C ϭ complete stem-loop structure; P ϭpartial stem-loop structure; CACAG ϭ highly conserved motif among tick-borne and mosquito-borne flaviviruses; CUCAG ϭ MODV counterpart of the conserved motif; UAA ϭ STOP codon. Numbers on the lines connecting two stem-loop structures indicate the number of nt in between the stem-loops. erated for TBEV RK1424 SL I but not with that of DENV-4 ( Fig. 5 ; MODV SL I, TBEV SL I, and DENV SL I).
Circularization of the (ϩ)-strand RNA
Circularization of the genomic RNA of flaviviruses has been proposed to be important for replication (Khromykh et al., 2001) . We therefore analyzed the folding pattern of the MODV 5Ј-and 3Ј-UTR covalently linked with a 100-nt spacer. The conformation obtained using the MFOLD software closely resembles an "arm-hand" and contains (1) the entire 5Ј-UTR including the 16 5Ј nt of the capsid gene; and (2) the sequence of the 3Ј-UTR SL IV and V, including an additional 19 nt located in between SL IV and SL III B (Fig. 7) . The "arm" contains the AUG translation initiation codon, located in a small loop (Fig. 7,  arrowhead) . The "hand" has three "fingers," of which two are small and one is larger and forked at the tip. The latter is identical to the 5Ј-UTR SL I ( Fig. 3; MODV) . Also for DENV, SL I is completely preserved when the secondary structure of the interaction between the 5Ј-and 3Ј-UTR is generated (Khromykh et al., 2001) . Furthermore, at the base of the arm, most of the secondary structures described for the noncircularized 3Ј-UTR are preserved in the secondary structure of the circularized RNA. The partial stem-loop P 1 ( Fig. 5; MODV) of the 3Ј-UTR SL I is maintained. For SL II, an alternative folding pattern was generated in the circularized secondary structure, which proved to be thermodynamically less stable than the stem-loop structure SL II presented in Fig. 5 [as assessed by RNAfold (data not shown)]. This latter structure, however, still appears to be a valuable alternative folding pattern since the sequences and the stem, which roots both structures, are exactly the same (see Fig. 7 , inset). For SL III, the thermodynamically most stable SL III B was generated. This is likely because the nucleotides that form SL III A ( Fig. 5 ; MODV) are basepaired with nt of the 5Ј-UTR (Fig. 7) . This underscores again the importance of neighboring sequences in the formation of a particular stem-loop structure.
DISCUSSION
We have recently elaborated a model for flavivirus infection in mice and hamsters employing the Modoc virus. MODV causes a flavivirus-like encephalitis in SCID mice and hamsters with histopathological features reminiscent of flavivirus encephalitis in man. Hamsters shed large quantities of virus in the urine. This may provide a convenient system for monitoring the efficacy of new strategies for the treatment of flavivirus infections (Leyssen et al., 2001) . MODV was shown in vitro to have a similar sensitivity profile toward a selection of antiviral agents (such as ribavirin and its 5Ј-ethynyl analog EI-CAR) as the human flaviviruses YFV (17D strain) and DENV (type 2). We have proposed using MODV infections in mice and hamsters as a convenient model for the study of new strategies for the treatment of flavivirus infections.
Here we present the entire genome of the Modoc virus. The UTRs were found to be 109 and 366 nucleotides in length, respectively, containing two pairing bases at the end (AG at the 5Ј end and CU at the 3Ј end), which are conserved in all flaviviruses for which the 5Ј-and 3Ј-terminal sequences are available (Hahn et al., 1987; Mandl et al., 1993) . A large single open reading frame of 10, 125 nucleotides in length encodes the polyprotein consisting of the C-prM-E-NS1-NS2A-NS2B-NS3-NS4A-NS4B-NS5 genes. To determine the proteolytic cleavage sites, consensus sequences for proteolytic processing by the respective proteases were located within the deduced amino acid sequence of the polyprotein and compared with those previously reported for other flaviviruses (Billoir et al., 2000) . Cleavage by the viral serine protease, encoded by the NS3 gene, usually occurs following a pair of basic amino acid residues (Lys-Arg, Arg-Arg, Arg-Lys, or occasionally Gln-Arg) and before an amino acid with a short side chain (Gly, Ser, or Ala) (reviewed by Chambers et al., 1990) . Cleavage at the C/PrM, PrM/E, E/NS1, NS1/NS2A, and NS4A/NS4B sites is performed by host-cell proteases (reviewed by Ryan et al., 1998 ; see also Pletnev et al., 1990) . These cleavage sites must follow the "(Ϫ3, Ϫ1) rule," implying that position Ϫ1 has to be occupied by either Ala, Ser, Gly, Cys, Thr, or Gln, position Ϫ3 may not have an aromatic (Phe, His, Tyr, Trp), charged (Asp, Glu, Lys, Arg), large polar (Asn, Gln) amino acid residue, as well as no Pro in the region Ϫ3 to ϩ1 (reviewed by von Heijne, 1984). All proteolytic cleavage sites within the MODV polyprotein were found to apply to these consensus sequences except for the NS2A/NS2B and the NS4A/2K proteolytic sites.
Since the MODV model in SCID mice and hamsters may be convenient for the preclinical evaluation of strategies for the treatment of Flavivirus infections, it is of importance to compare the sequence of domains involved in the function of viral enzymes that may be a target for antiviral agents. Alignment of the derived amino acid sequences of viruses belonging to the mosquito-borne, tick-borne, and no-known-vector clusters points to the conservation of all structural and functional enzymatic motifs in the MODV NS3 and NS5 protein such as (1) the H/D/S serine protease catalytic triad of the N-terminal NS3 protease domain, (2) the NTP-binding GxGKT and Asp residues in the C-terminal NS3 NTPase/ helicase/RNA triphosphatase domain, (3) the SAM-binding DxGxGxG motif in the N-terminal NS5 methyltransferase domain, and (4) the DxxxxxD, GxxxTxxxNT, and GDD residues in the C-terminal NS5 RNA-dependent RNA polymerase domain (reviewed by Bartholomeusz and Thompson, 1999; Bisaillon and Lemay, 1997; Kadare and Haenni, 1997; O'Reilly and Kao, 1998 ; see also Bazan and Fletterick, 1989; Bruenn, 1991; Forwood et al., 1999; Koonin, 1993; Li et al., 1999; Poch et al., 1989; Valle and Falgout, 1998) . This may be important when using the Modoc virus as a model for the study of antiviral strategies directed at enzymes such as the protease, the helicase, and the RNA-dependent RNA polymerase of flaviviruses.
We performed a series of phylogenetic analyses confirming the previous classification of MODV within the NKV cluster of flaviviruses. In particular, the topology of the NKV cluster was similar to that reported by Kuno et al. based only on an Ϸ1-kb sequence in the NS5 gene of a selection of flaviviruses, with two different groups encompassing viruses isolated, respectively, from New World rodents and from bats, rooted by the Apoi virus, isolated from an Old World rodent captured in Japan (Kuno et al., 1998) . This classification also matches the characteristics of antigenicity, pathogenicity, and vector association of the different viruses (Gaunt et al., 2001) .
Analysis of the frequency distribution of pairwise distances between flavivirus sequences permitted us to identify cutoff values for the definition of virus groups. Using such values (0.372-0.421 for aa), the genetic groups of flaviviruses identified are similar to those defined in van Regenmortel et al. (2000) (ICTV) and include (1) the mammalian tick-borne encephalitis virus group, (2) the Dengue virus group, (3) the Japanese encephalitis virus group, and (4) the Yellow fever virus group. In the case of the NKV viruses, the same values permit us to assign RBV to the Rio Bravo virus group, and MODV to the Modoc virus group. However, these cutoff values assign APOIV to a separate group (the ICTV classification assigns APOIV to the Modoc virus group). This is in coherence with the specific geographical origin of this virus (Billoir et al., 2000) .
We present here the first analysis of the 5Ј-and 3Ј-UTR of a flavivirus with no known vector. To this end, we employed a statistical approach and two different secondary structure prediction programs: MFOLD and RNAfold. The MODV 5Ј-UTR consists of two stem-loop structures, of which the second stem-loop is much smaller than the first one. Comparative analysis of the MODV 5Ј-UTR with that of TBEV-H as a representative of the tick-borne and DENV-4 as a representative of the mosquito-borne viruses yielded several similarities but also differences. The folding pattern generated for the 5Ј-UTR of DENV-4 proved to be representative for all mosquito-borne flaviviruses (with the exception of YFV) (data not shown; Brinton and Dispoto, 1988) . The secondary structures obtained for TBEV-H were also comparable with the folding patterns generated for the 5Ј-UTRs of LIV, POWV, and other TBEV isolates (Gritsun et al., 1997 ; data not shown). Overall, the folding pattern of the MODV 5Ј-UTR resembles most closely that of the mosquito-borne flaviviruses. First, as in DENV-4 and other mosquito-borne flaviviruses (except for YFV), two stem-loops are identified in the 5Ј-UTR of MODV (Brinton and Dispoto, 1988) . Second, the first stem-loop is of similar size and shape as that of DENV-4 and the mosquito-borne flaviviruses. Third, the AUG translation initiation codon is located at approximately the same position within SL II. As for DENV-4, this stem-loop also has a similar secondary structure in MODV. Despite the fact that the TBEV-H 5Ј-UTR, unlike MODV and DENV-4, folds into three instead of two stem-loop structures, both MODV and TBEV-H contain an imperfect direct repeat in the top loop of SL I and SL II. This imperfect direct repeat could not be identified in any of the mosquito-borne flavivirus 5Ј-UTRs analyzed.
For the comparative statistical analysis of the 3Ј-UTRs, we selected a representative tick-borne (TBEV isolate RK 1424) and mosquito-borne virus (DENV-4) with a 3Ј-UTR of approximately the same length as that of MODV, which is 366-nt long. The viruses used for this purpose also had the shortest 3Ј-UTR of both the tick-borne and mosquitoborne virus complex. Analysis of the 3Ј-UTRs of several tick-borne viruses, which are composed of a variable and a so-called "core" or "conservative" region, revealed that the TBEV RK1424 virus isolate only consists of the core element (Wallner et al., 1995; Gritsun et al., 1997) . DENV-4 had the shortest 3Ј-UTR of all dengue virus serotypes and lacks a variable region in between the STOP codon and the conserved part of the 3Ј-UTR (Shurtleff et al., 2001) . The stem-loop structures obtained for the TBEV RK1424 3Ј-UTR were found to be identical to those reported previously for other viruses belonging to the tickborne complex such as LIV, POWV, and TBEV isolates (Gritsun et al., 1997) . The folding patterns obtained here for the DENV-4 3Ј-UTR contained the stem-loop structures predicted for all DENV serotypes and are also comparable with those reported for the Japanese encephalitis virus group (Proutski et al., 1997b) . The secondary structure analysis of the MODV 3Ј-UTR revealed specific similarities, but also differences, with both mosquito-borne and tick-borne virus 3Ј-UTRs. First, SL I of MODV has a high structural similarity with SL I of tickborne viruses but not with that of mosquito-borne viruses (Gritsun et al., 1997; Mandl et al., 1998; Rauscher et al., 1997) . Second, MODV contains a CS2 sequence located in SL II at a similar position as the RCS2 sequence of mosquito-borne flaviviruses. This conserved sequence is absent in the 3Ј-UTR of tick-borne viruses (Hahn et al., 1987) . Third, the conformation of the MODV SL III A shows a high structural similarity with the secondary structure predicted for SL IV of mosquito-and tick-borne viruses. Fourth, the large stem-loop of MODV SL III is observed in both alternatives SL III A and B and is structurally preserved in the folding patterns of both mosquito-borne and tick-borne viruses. Fifth, the latter large loop of MODV SL III contains the same conserved hexanucleotide AUUGGC, at the same position as in the TBEV RK1424, but not the DENV-4, folding pattern. Sixth, the 3Ј-SL of all three flaviviruses have the same overall shape and are preceded by (a) smaller stem-loop structure(s) which contains the conserved sequence CS1 in the case of the mosquito-borne flaviviruses (reviewed by Chambers et al., 1990) . Seventh, the upper loop of the MODV 3Ј-SL contains the pentanucleotide CUCAG at a similar position as the CACAG motif described for all mosquito-borne and tick-borne viruses (reviewed by Chambers et al., 1990 ; see also Mandl et al., 1993) .
Our analysis of the MODV 3Ј-UTR generated two alternative structures for SL III, of which SL III A is most supported when only neighboring sequences of the 3Ј-UTR of the MODV RNA are taken into account (see supra). On the other hand, SL III B represents the thermodynamically most stable conformation, and this conformation is also preserved in the MODV 3Ј-UTR when circularized with the 5Ј-UTR. This points to the functional importance of this stem-loop containing the conserved AUUGGC motif for MODV and TBEV RK1424. Several conserved sequences are concentrated in loops rather than in stems. This is compatible with the proposal that loops interact with virus or cellular proteins and the stems orientate the loops in the tertiary space. Overall, the Modoc virus 3Ј-UTR contains features of both the tick-borne and the mosquito-borne flaviviruses. To make more precise predictions of the secondary structure of NKV viruses, the availability of the 3Ј-UTRs of other NKV viruses, as well as knowledge about compensating mutations, will be required.
Recently, proof was generated that circularization sequences, as proposed by computer-generated conformations of the covalently linked 5Ј-and 3Ј-UTR of KUNV, are essential for the replication of the virus (Khromykh et al., 2001) . Moreover, comparative analysis of the linked 5Ј-and 3Ј-UTR of other mosquito-borne and tick-borne viruses revealed the existence of similar sequences in the genome of all flaviviruses examined, suggesting their importance in virus replication (Khromykh et al., 2001) . The overall shape of the "arm-hand" structure generated for the covalently linked MODV 5Ј-and 3Ј-UTR is very similar to that of the mosquito-borne and tick-borne flaviviruses (Khromykh et al., 2001) . For all flaviviruses, the size of the "palm" of the hand varies between the virus isolates, as do the number and length of the "fingers". Interestingly, the MODV CUCAG pentanucleotide, which is very similar to the highly conserved CACAG in mosquito-borne and tick-borne 3Ј-UTRs, is not located in a loop of one of the smaller "fingers", but becomes part of the "palm". As compared to the computer-generated secondary structures predicted for KUNV, JEV, YFV, and DENV-2 (Khromykh et al., 2001) , the arm of MODV is longer because of additional base-pairing of nt located in SL II-5ЈORF of the 5Ј-UTR and SL V of the 3Ј-UTR, causing MODV SL V to "break up" and shifting the CUCAG pentanucleotide from the tip of this stem-loop to the base of the "finger" in the circularized RNA instead of preserving this stem-loop, as is the case for the tick-borne and the mosquito-borne flaviviruses. It will be of interest to unravel whether the pentanucleotide motif has a functional role in the circularized genomic RNA.
In conclusion, we here present the first complete sequence, the phylogenetic and taxonomic assignment, and a detailed analysis of the 5Ј-and 3Ј-UTR of a flavivirus (i.e., the Modoc virus) with no known vector. Access to this sequence may be of interest in further studies on (1) the biology of this virus and other NKV flaviviruses, (2) the phylogeny of the flaviviruses, and (3) the Modoc virus model for the evaluation of antiviral strategies against flavivirus infections.
MATERIALS AND METHODS
Propagation of Modoc virus
African green monkey kidney (Vero) cells were grown under 5% CO 2 in minimum essential medium (MEM, Gibco, Paisley, Scotland) supplemented with 10% inactivated fetal calf serum (FCS, Integro, Zaandam, Holland) , 1% L-glutamine, and 0.3% bicarbonate. The Modoc virus was obtained from the American Type Culture Collection (ATCC VR-415, lactating mammary gland isolate of P. maniculatus, 1958) . Confluent cultures of Vero cells were infected and incubated at 37°C until an extensive cytopathic effect was observed at 7-9 days postinfection. At that time, culture medium was collected and cell debris pelleted by centrifugation (10 min, 2000 g, 4°C) . For applications requiring relatively pure and high quantities of viral RNA, the supernatant was ultracentrifuged (3 h, 30,000 g, 4°C), after which the virus pellet was resuspended in 140 l of phosphate-buffered saline (PBS) and stored at Ϫ80°C.
RNA isolation and reverse transcription
Viral RNA was isolated (from 140 l cell culture supernatant or from 140 l concentrated virus stock) using the QIAamp Viral RNA kit (Qiagen, Hilten, Germany). The following reaction mixture was prepared for the reverse transcription step: 31.5 l purified RNA solution; 10 l 5ϫ RT buffer (Amersham); dATP, dGTP, dCTP, dTTP, each at a final concentration of 0.5 mM; and 1.2 M of reverse primer. Following a 1-min incubation of the RNA template at 94°C, annealing of the primer was allowed to proceed at room temperature for 2 min. Subsequently, 2.5 l of enzyme mixture was added, consisting of 1.35 l RNasefree water, 95 u human placenta RNase inhibitor (HPRI, Amersham), and 3.75 u of RAV-2 reverse transcriptase (Amersham). The mixture was incubated at 45°C for 1.5 h. For the preparation of PCR fragments longer than 2 kb, the OneStep RT-PCR kit (Qiagen) was used. cDNA was either used immediately for PCR or stored at Ϫ20°C.
Primer design and polymerase chain reaction
Degenerated primers were designed in highly conserved regions in the flavivirus genomes. These primers were obtained by aligning six highly divergent flaviviruses [Powassan virus (Accession No. L06436), Yellow fever virus (NC 002031), Dengue virus (M20558), Saint Louis encephalitis virus (M16614), Japanese encephalitis virus (U14163), and Cell fusing agent virus (M91671)] or were developed using alignments of tick-borne and mosquito-borne viruses, respectively. Following generation and sequencing of the amplicons, gene-specific primer sets were designed to allow the amplification of the remaining parts of the genome. Gene-specific primers for PCR and sequencing were developed using primer selection and primer calculator programs (http://alces.med.umn.edu/rawprimer.html and http:// www.williamstone.com/primers/calculator/). The PCR fragments were cloned using the TOPO TA Cloning Kit for Sequencing (Invitrogen).
Rapid amplification of cDNA ends (RACE)
To obtain the entire 3Ј end of the viral sequence, a 3Ј-RACE was performed. The 150 l reaction mix contained 15 l of 10 ϫ T4 RNA ligase buffer, 150 U T4 RNA ligase (Boehringer Mannheim, Germany), 150 U HPRI inhibitor (Amersham Life Science, Roosendaal, Belgium), 6 g RNA oligo (5Ј-AAG GAA AAA AGC GGC CGC AAA AGG AAA A-3Ј, Eurogentec, Seraing, Belgium), and 2.25 g RNA substrate. Ligation was allowed to proceed at 37°C for 30 min. RNA was extracted as described above, resuspended, and reverse transcribed using a primer complementary to the RNA oligo. The latter primer was combined with a MODV gene-specific forward primer in the subsequent PCR reaction. The amplicon was gelpurified and cloned as described above. To obtain the 5Ј end of the viral sequence, a 5Ј-RACE was performed using the GeneRacer Kit (Invitrogen) according to the manufacturer's instructions.
Sequencing
During the cycle sequencing protocol, PCR fragments were end-labeled with fluorochrome-conjugated dideoxynucleotides (ABI Prism BigDye Terminator Cycle Sequencing Ready Reaction Kit, Perkin-Elmer, Applied Biosystems, Nieuwerkerk, The Netherlands). Samples were prepared for analysis following the manufacturer's guidelines. Sequence data were obtained using an ABI 373 Automated Sequence Analyzer (Perkin-Elmer). Both DNA strands were sequenced. Sequences were analyzed using public software such as the Blast algorithms (http://www.ncbi.nlm.nih.gov/BLAST/).
Phylogenetic analysis
The genomic sequences of the different virus isolates used in this phylogenetic analysis and representing all major clades of the genus Flavivirus were the Louping ill virus (Y07863), the Tick-borne encephalitis virus (TBEV-H, Hypr strain, U39292; TBEV-N, Neudoerfl strain, U27495; TBEV-V, Vasilchenko strain, L40361; and TBEV-S, Sofjin strain, P07720), the Langat virus (LGTV, AF253419), the Powassan virus (L06436), the Apoi virus (APOIV; AF160193), the Modoc virus (AJ242984), the Rio Bravo virus (AF144692), the Yellow fever virus (X03700), the Dengue fever virus (serotype 1, DENV-1, U88536; serotype 2, DENV-2, AF038403; serotype 3, DENV-3, M93130; and serotype 4, DENV-4, M14931), the Saint Louis encephalitis virus (SLEV; M16614, AH009306, AF013416), the Kunjin virus (KUNV; D00246), the West Nile virus (WNV; M12294), the Japanese encephalitis virus (JEV; M18370), the Murray Valley encephalitis virus (MVEV; NC_000943), and the Cell fusing agent virus (M91671). The aa sequences were aligned using ClustalW (Thompson et al., 1994) and manually edited in MacClade (Maddison and Maddison, 1989) , taking into account the position of the proteolytic cleavage sites, the conserved cysteine residues, and the enzymatic motifs. Gaps were stripped and ambiguous alignment regions identified by the absence of sequence similarity in dot matrices and low scoring segments calculated by the ClustalX quality parameters (Thompson et al., 1997) and were removed from the alignment. Eventually, an unambiguous alignment of 1989 aa was obtained. Nucleotide sequences were aligned against their aa sequences using the Clustal algorithm implemented in Data Analysis in Molecular Biology and Evolution (DAMBE) (Xia, 2000) . Sequence similarity was investigated with DNA and protein dot matrices in Geneworks 2.5.1 (Nucleic Acid and Protein Sequence Analysis Program, Intelligenetics; Bioinformatics from the Oxford Molecular Group), using the Point Accepted Mutations (PAM) model of substitution, a window range of 10 aa, a stringency of 30% similarity, and increments of 1 aa (Pearson and Lipman, 1988) . A visual representation of substitution saturation in the nucleotide sequences was generated in DAMBE. Since aa p-distances calculated in Molecular Evolutionary Genetics Analysis (MEGA) (Kumar et al., 1994) largely exceeded 0.1, realistic evolutionary distances can only be approximated using a substitution model that takes into account this level of divergence. Therefore, we calculated genetic distances using maximum likelihood calculation in Tree-puzzle-5.0 (Strimmer and von Haeseler, 1996) based on the Blosum62 model of substitution (Henikoff and Henikoff, 1992) and taking into account a rate heterogeneity among sites with a discrete gamma distribution of eight categories. An unrooted phylogenetic tree based on the inferred distance matrix was constructed with NEIGHBOR in PHYLIP 3.5 (Felsenstein, 1989) . Bootstrap analysis was performed according to the following algorithm: 1000 replicates were generated by SEQBOOT (PHYLIP) and redirected with puzzleboot to Tree-puzzle-5.0 where distance matrices were estimated according to the settings described above. The distance matrices were subsequently used to infer phylogenetic trees in NEIGHBOR (PHYLIP) and a bootstrap consensus tree was generated with CONSENSE (PHYLIP).
Taxonomic analysis
Taxonomic analysis was performed with the help of the software package MEGA [Version 1.02 and Version 2.0 beta (Build 3) (Kumar et al., 1993) ]. Pairwise genetic distance (p-distance) matrices were calculated using the complete coding nt and aa sequences, and the frequency distribution of aa pairwise distances was analyzed. A p-distance/frequency histogram was produced.
Analysis of the 5Ј-and 3Ј-UTR and circularization of the MODV RNA All folding patterns of the 5Ј-and 3Ј-UTR were predicted using standard parameters of the online RNA folding services provided by the MFOLD server [Version 1.3, http:// bioinfo.math.rpi.edu/ϳmfold/rna/form1.cgi Mathews et al., 1999) ] and the RNAfold Web Interface [Version 1.4, Vienna RNA Secondary Structure Prediction, http://www.tbi.univie.ac.at/cgi-bin/RNAfold.cgi (Hofacker et al., 1994) ]. The MFOLD server provides the possibility of obtaining several alternative thermodynamically stable folding patterns for one sequence. For the analysis of the 5Ј-UTR, the 500 5Ј-terminal nt of the MODV genome which includes the 5Ј-UTR (109 nt), the AUG initiation of translation codon, and 388 nt of the structural genes, were used. The analysis of the 3Ј-UTR was performed on (1) the 366 3Ј-terminal nucleotides, as well as, (2) the 500 3Ј-terminal nucleotides, which include 141 nt of NS5, the UAA STOP codon, and the 3Ј-UTR. The neighboring sequences in the structural C, PrM (for the 5Ј-UTR), and the NS5-gene (for the 3Ј-UTR) were included to ascertain the thermodynamic stability of the obtained secondary structures. Based on the folding patterns, several stem-loop structures could be defined according to the location and prevalence of the secondary structures. Subsequently, the RNAfold Web Interface was used to determine the stability of these complete or partial stem-loop structures, using only the corresponding nt sequences. The folding patterns obtained were then compared with the previously identified stem-loop structures generated by MFOLD. To allow a direct comparison of the MODV UTRs and those of the mosquito-borne and tick-borne flaviviruses, a similar analysis as described above was performed on the 5Ј-and 3Ј-UTR of a mosquitoborne virus [DENV-4 (M14931)], and, for a tick-borne flavivirus, on the 3Ј-UTR of TBEV [(isolate RK 1424, U2749), which represents the shortest possible 3Ј-UTR of all TBEV isolates], and on the 5Ј-UTR of the prototype strain TBEV-H (U39292) (5Ј-UTR sequence of the RK 1424 isolate is not available). To investigate a possible circularization of the MODV RNA, 500 5Ј nt and 500 3Ј nt of the genome were covalently "linked" by 100 nt and folding patterns were generated using MFOLD. The 153 5Ј nt, together with the 354 3Ј nt, are involved in the formation of a stable complex folding pattern.
